LYON & LYON LLP 
Docket No. 267/2 11 
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Thls appUention > a — on-,, Appl , atlonS ena,Ko.0 OT8 ,,046, f « 

T^Tseneue modtfieaoon and mvolves the 
, t'on of exogenous DN A into non-human animals. 

■ n„ in hieher mammals, has oec 
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• the use of highly sensitive and expensive equipment. 

Th e viahilhy of emhryos *. —on has - heen reporre - P 

• i ivestock Genetic Engineering on a Large 
i nqcm Making Transgenic Livestock uc 
et. al. 1W) MdNing nvestigate 

in HO This has led researchers in the tielQ to 
Cellular Biochemistry, Vol. 49, pp. 1 13-120. 
5 ^ativeandeasierwaysofdeliveringgenesintoananirnal. ^ 

• m et al reported that simply incubating foreign DNA with 
i n 1989, Lavitrano, M., et. al. repori 

, m vitro could lead to genetically modified mice. 

- - - — ,m ~ , 1 - 

11 ::;:;::::rz.L.».-»-»«»r"i 

al (1989) uang al gven t0 this 

■ •11 ^ thr art however, are reponeu iu 
7f»i 7(P Those skilled in the an, nuw t 
57, pp. 701-7U2. mo re portedly failed 

Revl ew, ***** Vol. mm PP- vectM 

, Researchers have elucidated that sperm cells have the 
f o rm ed,a,ing gene transfer in untmais. Researche faNude « 

,■ f ore ien DNA. Francohni, M., et. al (IVvjj 

,c nNA into Mammalian Sperm t,em>, 
20 realization „f Exogenous DNA ^ 

n , ,39 Ye. certain inhtbitorv fac.ors present tn sem.nal flutd may 
pp. 133-139. Yet, cerr Exogenous DNA and 

m al (199') The Interaction Between cx b 
takeup DNA. Lavitrano, M., et. " addition, foreign DNA introduced 

S P em,Ce.ls,*^.^W.,Vo,.3,,PP.161-16v.l 
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- rm tt Us may a, S o suffer from — — " — ^ 

celb, intemalizatton of toretgn DNA m y 

u • Be, a, 0997, Ac.ivatton of Endogenous Nucleases ,n Mature Sperm 

paction with Exogenous DNA, DNA 

id threaten .he usefulness of genetically modtfied ammals 
5 rearrangement could threaten me 

teChniqUe ' 

. Oliver foreign DNA into the sperm cells. Smith, supra, 
ag enrs or electroporafon to dehver forergn ^ 

, , „«, L—mediated Gene Transfer via Sperm Ceils. H,gh 

et al. (1996) Ltpos Arrrplificatron 
,„ Persrstenceof—es^seofUposomesandSperm 

„ ^ <~* — - — v " 1 a ; 40i ; s I ftom te sam e 

, ^wnQ7/U597 Such methods may also suffer irom in 
woW256 9,WO9 W 0 21 3,andWO9 m5 9^ 

u, of DNA internalization and exposure to nucleases 
pro b,=m„fDNAm „ ^ „ pid . based agents, *h are often toxrc, and 

foreign DNA being mtroduced. In 

i„ extensive experimentation to prevent the death or 
15 „a,ionma y re,mreex t e„s,v 

I, motility Other techniques have also focused on ustng 

' WQ 99/38991 , or on us ,„g a .,ene gun" with micro-carrters, as 

— in PUb " Catl ° n t may also anec, the viability and motility of -he 

— s may he technrcally chailengmg and may aUo 
20 .permcelis.Theym.alsosufferfromthesameprohlemofDNAtn 

nt of the foreign DNA being introduced. 
Since ,989, researchers have reported the use o 

• from insects marine annuals, amphtbian, birds, and mammals. Smtth, sup, 
animals ranging from insecis, 
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„, few ,e P o„ed .a, gen«ic — - - — " <~ — ^ 
Smi , ^ Mo. p—c , * « - - — - -* «* "** " ^ 

Cndolf,, F. 0 « SP— , DNA M - W — — " 

episomes or ^ *e e— DNA, 0— - - - - *« "~ 

stating ,,, , ^ . - — a^enl re ,a ting ,o a PP ,o P „a t e — „ o«, .an 

especi * tah i g ne_ ^^^^^^^ 

delivering genes into animals is needed. 

SUMMARYOFJTUFJNVEHIiQH 

acld — s and. ,0 gene,, geneUcall, mod.ed — . and ce„, One as P ee t o f iHs 

moto ,es .and . a _ eel, W one o, m o,e - — * - 

_ MJ- ^ ee„, — — - — 

M of ws inventio „, lh£ one or m0K „ ly nnc,eo,id= — eneode b a gene ^ 
_ d — , (he KUS or the » ma , ,„ ano,,, 
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10 



molecul ar — s, mciuding .He use of anothet or second ludte, The association 
spem , ,in k er, and .he one or more po.ynudeo.ide ean aiso occur in *. or ,„ v,v, 

ln a„o. h er aspec. of .he present invention, genetically modified cel.s or a„ima. S are 
derived from .he fetation of an an.nra, egg eel, with .he vee.or descrihed ahove. Fertd^on 
C a„ occ „r ,n or ,n vie, ,n one preferred emhodiment, generic modification occurs with the 

, in es .ha. are derived from drese gene.rca.ly modified animais or their descendants. 

the use of the sperm vector descrrbed ahove possess certain desired characteristics. Exampies of 
to characteristics inciude faster growth rates, disease or pamogen resistance, high produefion 

ln another aspeet of the present invention, function, screening of ^nucleotides ean he 
, 5 aemeved hy tntroducing the poiynucieotides into non-human anima, A * or any other art,* 
manufacture comprising the „o,,iposome linker may he prov.ded, for example, together wtth 

t0 lhe sperm cel. using the non-hposome „n k er. in another embodiment, a multi-we,, piate 
Rising the no,„posome linher and spem. ce„s from non-human anima, may also he 
20 provided for high throughput function, screening of various poiynucieoddes. Var.ous 

attached ,„ the spem, cells and introduced into animals, either h, in vitro f— or artifice, 
insemination, for determination of the function of the polynucleotide. 

5 
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F^Uapictorialrepresentao 

bindi „ g . sperm . s peciflc antibody , mice's 

figure 2 shows a flow-Cometry^' 

p+u nresent invention. 

— "° ' of bW ing a sperm-spe* — ' - *" 

Figure 3 shows a flow-cytomerry 

■ «f the present invention. 
„m cells as embodied in one aspect of the P (q c£>w . s 

sperm cells ing , spe rm-specil 

Fig ur= 4 shows a flow-cy.ome.ry result 

♦ fthp nresent invention. 

Figure 5 shows a flow-cy.on.etry result 
1 rf n f the present invention. 

Figure 6 shows a flow-cylometr, result 

f tVip nresent invention. 

erm cells as embodied in one aspect of the p ^ ^ 

s P erm ' trv resu lt of binding a sperm-specit 

Figure 7 shows a flow-cytometry result 

t of the present invention. 

Figure 8 shows a plasnrid nrap of pCMV- . ^ ^ ^ 

FiBUre9s how S anagarose-gel-,slsofasperm-spec 

Pl-ndd. fc fc deteclion of pCMV-P fences in 

of the present invention. 
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Figure 1 1 shows results of southem-blol analysis tor the detection of Hepatitis B surface- 
antigen gene-se q uence in mice-raU-genomic DNA with rhrs gene-scouence being integrated in.o 
te mice's chromosome according to one embodiment of the present invention. 

Figure 12 shows the plasmid map of pSEAP-2-control. 

F.gnre ,3 shows the result of southern-blo, analysis for the detection of P SEAP2-co„.ro, 
plasmid seouence in the genomic DNA isolated from .,1 tissues of genetic* modified p.gs 
according to one embodiment of the present invention. 

Figure ,4 shows the copy number of integrated pSEAP2-con«rol plasmid in four 
genetically modified pigs based on densitometric intensities of bands in Figure 1 3. 

Figure .5 and 16 show the results of enzyme assays for secrered alkaline phosphatase 
fou „d ,n serum of pigs genetically modified according to one embodiment of the present 



invention. 

Figure .7 shows four F, generation mice, which have successfully received a pSEAP-2 
DNA transgene Iransmrt.ed from three F„ generation founder mice, according to one 

1 5 embodiment of the present invention. 

Figure 18: panel (a, shows, in this experiment, tha, ten ou, of forty-three (23%) F. 
founder piglets chromosomal DNA have hybrtdization signals (3. 4, 25, 26, 33, 36, 38. 39, 40 
and 42), indtcating the presence of the pSEAP-2 exogenous DNA in these pigs; pane, (b, shows, 
in this experiment, that nine F, generation piglets ,17, 26, 36, 40, 42, 43, 44, 48 and 64, had a 1 .3 

M Kb positive hybridizatron band indrcating the presence of the pSEAP-2 exogenous DNA in these 
pigs; panel (,) shows posilive hybridization signals for F, generation pigs obtained from F„ 

c a ■ c U 4 42 8 43 and 23, indicating the transmission of the pSEAP-2 
generation founder pigs # 4, 42, 8, <u, aim *. 

exogenous DNA to the next generation. 
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Figur e .9 shows the results of enzyme assays for secreted alKaline phosphatase found in 
serum 0 f a second g toup of pigs genetically mod.f.ed aecording to one embodiment of the 
present invention. 

Flg ure 20: pane, (a, shows the s,ainin g of the ehromosomes from F, generation pig «52 
5 using DAPI (4*. diammdino-2-phenylmdole ^ ■ " 
dy e pane, <h> shows the sa m e fie.d of the ch_es, hu, showing the nyb„d,za,io„ signal of 
the P,TC ,ahe,ed ptohe fragment front pSEAP-2 hybridizing to ehromosome , 5, re g ,o„ ,25^28. 
Figure 2, shows the hybndization si g na, of ch_, DNA front F, g enera,,on p, g s 

<• ,w Ml where extra high molecular wei g ht bands were observed in 
bred from Fo generation founder #3, where extra n g 

10 F, generation pig numbers 451, 452, 455, and 457. 

Figure 22: pane, (a) shows the results of FCR analysis using emidium bromide staimng to 

resull s of southern blot analysis of the same PCR products from pane, (a, using an interna, ohgo 
probe hybridizing to sequences of pGL-3 plasmid. 

Figure 23 shows the express,„n of human interferon-p in F„ generation ehicxens, wherem 

assigned to the chicken. 

usin8 eth.dium bromide s,aini„ g of the PCR product and hybridan by a end-labeled 
20 internal oligo to PCR products. 

g oats using hybridization by a »P end-labeled internal ohgo to PCR products. 
Figure 26 shows the map for plasmid pCMV-WFbeta. 
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Figur e 27 shows F 1 generation pigs, which have successfully received ,he pSEAP-2 

edfco^woFO.eneca.ionfouna.pi^aeeo^.oonee^of.he 

present invention. 

Oenerally, f, 8 ure > shows ,he basic steps involved in usi„ 8 one embodiment of the 
present ,„ venllon t0 , nlr oduce exogenous polynucleotides ,„,o animals or ceUs, o, genetic 

„ methods known in the a„ oc purchased CO— ft o m — - as Birchwood 

„ u . i„r. IsA or lgM, but they can also be other 
anUbodies or immunoglobulins of the types, IgO. 1+ '8 

„„,lv,hvdrates or other chemical-compound linkers, 
eompounds such as peptides, glyeoprotems, carbohydrates, or 

, in ker complex also through different mole* — such as ionic, covalent bonds, 

. ,;„ n These DNA molecules may encode tor 
Vander Waals forces, or ligand-receptor tnteractton. These DNA 

^ gene products, but they may also be disrupted genes, homologous wuh endogenous 
M geKs . (hat — tat „ the chromosome to knockout a gene. The - N A 

, a- t. the fertilized egg 50 and embryo 60 and can integrate 
fertilization, the DNA is introduced into the fertilized egg 

intothech — ^ 
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r linHno attaching, or association of the sperm- 
Alternatively, the binding, coupling, linking, attaching, 

,„A contpie* can ahso be acconrphshed ,„ vtv. The finker and the DNA can fir* be 
coupled or tound ,o g ether ,„ W„, Afterwards, * linker-DNA con,p,e X can be 

. • testicles PCT Publications WO 99/40213 and WO 
directly or indirectly into a male animal s testicles. "L 

, for iniectine DNA into the testicles, and these publications are 
5 97/11597 disclose procedures for injecting uina 

incorporated herein by reference. 

lhe acldl c characteristic of naked DNA, it can ionic* — , bind ot, coopte with an 

not , imittd ,o iontc interaction. The co mfta can a,so be — - * «V m - - 
cova|ent tads by «„ known ntethods in the a. Bo. the DNA and the hnker can a,so be 

,i„ k er between the modified DNA and the first linker. 

„ to DNA-linker contp.e* is injected into the testts of the anintaf, thts convex can seek 
out lhe sperm eeUs and htnd to then, Faction can then occur in - via either natural 
M copula(jon of lhe male and fen* aninraia or b y artificia, —ion of the fenta.e wtth 

lech „„ues, which are wen known in the an. On the other hand, if b,»d,n g of the spernt *r- 
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,echni q ues. The fertilized e gg s and resu,tin g embryos can then be Iransp.anted to surr„ g ate. 
ani ma, mothers for development. Alternatively, we,, known artiflcia, insemination methods or 
in)ect io„s of t „e sperm-linker-DNA comp.ex direcfly i- «-= oviduct of femaie anima, can a,so 

achieve fertilization in vivo. 

Genetica,,, modified anima, can serve a number of asefa, applications. Livestock, 

fasK , than nortua, or they can also be insetted with the somatotroph g ene to increase musCe 
g ,„w,h and decrease adrpose tissue. Purse,, V. 0„ et.al. (19S9) Genetic E„ gl neeri„ 8 of 

10 Somatotropin Decreases Adipose T.ssne Orowtb, — *n- „«- — , Vol. 
58 (Snpp ,, PP. 2S7S-295S. ,nsertin g g e„es such as interferon that boos, the immune system or 

■ ,, nt Fvamnles of these infectious pathogens 
livestock, poultry, or fish disease or pathogen reststant. Examples 

• w iU* Mad Cow Disease, etc. Alternatively, 
include Salmonella, influenza virus, pnon protons for the Mad Cow 

15 intr oduci„ g DNA e„c„di„ g for anfl-sense RNA molecules, which are complementary to these 

RNA which limits g rowth and spread of these infectious pathogens. 

Moreover, in anima,, i„c,udin g insects such as silkworms, that produce raw materia, for 
clot „i„ g such as woo, and sflk, insertin g g enes for b.ochemica, enzymes tha, produce the rate- 

that encode for serine —ylase and O-acetylscrine sullhydrylase may increase the 
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woo , Ward. K„ (.9,.) Tue AppUcation of Transgenic Technics for the .mprovemen, of 
Domestic Animal Productivity, Curre* Opinio, in BU****,. *«■ » 

furthermore, these geneticaUy modified anima,s can also produce therapeutic prorem, 
s uc„ as tnsuUn, growm hormone, mterferon, erythropoietin, co,o„y stimulating facto, (GM- 
5 CSF) , PA , or factor VH, in their ntifit by joining the genes for these proteins with promoters 
ft om mammary spectfic genes such as sheep, p-iactogmhufin, mouse whey actd prorem. or 

infants Lonnerdai, B. «,« —a* Human MU Proteins - An Opportunity and a 
pi8scan even hcasourceformore ..humanized" organs in animaito human xenotransptantatton 
,, ng ge „es such as human decay derating factor. 0-. *. * a,. ( « Express of 
Human Decay Accelerating Pactor in Transgenrcs Pigs, — ™ * 

pp. 1402-1403. 

15 Th e articles cited above are all incorporated herein by reference. 

The Mowing examples demonstrate that the inventor has produced a number of 

embryo manipulation, and artificial —on used but no. explicitly described in ,h,s 
within the ability of one skilled in the art. 
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^ produce — — .o — - — Monoclonal — s 

_ i— , « — — - - — r — • - 

, b dv m „,ecu,es were bound and washed, ,he flowcytometrv 
in Once the secondary antibody molecules wcic 

u of fluorescent sperm cells with bound primary and 
or the FACS sorter counted the number of fluorescent p 

secondary antibodies from naked sperm cells. 

Figures , - , - - floury analyses f or m A bC »a, « - - — 

„ „•„ the X axis is Ore relative intensity of fluorescence bound to the cell. 

- — — — 

u r ant.bodv On the other hand, the shaded peaks denote 

fluorescent anti-mouse immunoglobulin antibody. On 

„ AbC antibody and the secondary antibody were incubated with 
the reactions where mAbC antibody 

20 shifts ,„, h e P ea te deno,e P o S i,tveb,„d,n 8 o f ,be mA bCa„.ibod, 

in finite 2 greater fluorescence signals can be detected 
As can be seen in tigure a B lca 
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„ be detected fro m pig and cow sperm cells, respectively, incubated with mAbC 
fluorescence can be detecieu uum f b 

wi th e fluorescent secondary antibody as evrdenced by the ri 6 h, shaded peaks. 

,„ flg ore 5, the ineobatron of rhe fluorescence anrihody alone with the chicken sperm 

recognized by mAbC as evidence by the left shaded peak. 

,„ f , gure 6, fluorescence can be detecred from g oa, sperm cells incubated with mAbC and 

mAb Ca,a,owe,,eve, t han,b=popula,,on,„.hen g h,pea,,neon,ra St w,,h,hech,cken S pe m 

, a „,ibodv seems to also bind to the goat sperm cells, but a. a much 
immunoglobulin fluorescent antibody seems 

reduced level than with mAbC acting aa a linker. 
15 Simtlarl, in figure 7. fluorescence can he detected from sheep sperm cells incubated 

..bmAbCandthefluorescenr — antibody as evrdenced by the rtgh, shaded P * The 

levels of the antigen recognized by mAbC. 

f ores 2 3 4 6 and 7, mammalian sperm cells bind, a, some lower level, to 
As seen in figures o, <" 1U » 

20 lhe „, secondary anrtbod, Since the secondary anttbody is directed to a mouse 
,_,obu„n, it ma, have cross reactivity ,o other mammalian proteins on the aperm c 
surf ace S , which are no, present in -he chicken sperm cells Ifigure * N— , the sbtfla 
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antibody to different animal sperm cells. 
EXAMPLEII 

ThiseHmpl e i Uu Stt a tKth ea bility o fth e — antibt* mAbC to btnd ,0 DN A 

5 ^ecuiesthrougbronicinteraction. _ 
Different volumes of purified soluuons of mAbC a. a concen 

f c„/ / cut oCMV-R plasmid (Figure 8. Clontech 
added ro DNA solutions containtng 300ng of Sal / cut pCM 

• , nc Cat # 6.77-0. After incubating the mrxtures a. room temperature for forty 
Laboratories, Inc., Cat. ff 01 / u 

" 't figure , .anes ,. 2. and . were controts wUb >ane . being pure * I - pCMV-P 
ptemid ,d and S being ,H cu, P CMV, P^d in Modified t^de, media. 

ft1lin ., 6wl and l0ulofmAbCat0.5mg/ml. In lanes 5, 6, and 
l5 plasmid incubated with 0.2^1, l^l, 2.5^1 6^1, and ^ 

• -j : n the wells of the gel, showing that association of 
„„t c r.f DNA were retained in the wens ui & 
7 increasing amounts ot ursA wcic 

te ^, wbtcb nas a positive ebarge, - the P-d DNA, which has a negatrve c^ge 
field in the gel. 

20 EXAMPLEill nN A to the sperm via the linker or 

This example illustrates the binding or coupling of the DNA to the spe 



antibody. 
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^^^*--*-***•*- 4 -*•"" ,l, " , *; 

. ThP ratio of sperm cells to antibody were 

DNA binding was measured by scintillauon eounnng. The rauo of sp 

as follows: 

Mouse - 400 thousand sperm cells to 600ng of labeled DNA; 

p ig - 600 thousand sperm cells to 800ng labeled DNA; 

Chicken - 300 thousand sperm cells to 500ng of labeled DNA; 

Sheep - 1 million sperm cells to 500ng of labeled DNA; 

Goat - 1 million sperm cells to 500ng of labeled DNA; and 

Cow - 1 million sperm cells to 500ng of labeled DNA. 

f m\hC and mAbD, sperm cells significantly 
Table 1 shows that with the presence of mAbC and mA 

bou „d _ ,abe,ed DNA conned - — - - -* « "* " ^ 
proKin . speciflc < ^.« ta ..- — ^----'--- 
u 3 and « rained ,be O^—Oe annbo* ,ge t n=e - ^ - 

together with sperm cells and labeled DNA. 
Table 1 



Reactions 




Mouse 
(cpm) 


Pig 
(cpm) 


Chicken 
(cpm) 

"5830 ' 


1 


no 

antibody 


12471 


12971 \ 




2 


no 

antibody 


15814 


13713 


6383 


3 


" Control 
J_^mtibody_ 


11541 


"T053T~ 


N/D 



(cpm) 
15367 
T3259" 



14018 



Goat 


Cow 


(cpm) 


(cpm) 


"T7749 


12766 


TT6574" 


"14398 


155347 


TT53TT i 
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N/D = Not determined 



FY AMPLE IV 

This example mus.ra.es .he procedures carried o, to introduce exogenous nuc.etc acid 
5 molecules and/or .0 generate genetically modified mice. 

Sperm cells were eolleeted from disseeted epididymis of nine ,„ twenty weeks old FVB 

Onee fine sperm cells were eolleeted ,n 300,1 of medium, five mierograms of .he linker an.ihody 
, 0 were added «o one million speru. eel, a. 37»C for one hour. The spenm-linke, complex was 

set a. 3000 rpm for one and a half rn.nu.es. The sperut-l.nKer complex was finally .suspended 
in 300p, of medium, and one microgram of l.neanzed pCMV-p plasm.d, a p.asnrid encod.ng for 

,• .HRsAel or pSEAP-2 plasmid was added and incubated for one 
Hepatitis B surface antigen (HBsAg), or poc« f 

15 hour. 

■ ,„ t«.|ve weeks FVB female mice each received an 
To collect ovulated eggs, nine to twelve weexs 

injection of 5 LU. Pregnant Mares Serum ,PMS, Afier ahou. 4 8 hours, each mice also received 
w injection of 5 >.U. of human chorionic gonadotropin (hCO). Ahont .2,4 hen. later, the 
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Tyrode's medium a. room tenure. Afterwards, 300,. of sperm-linker-DNA convex 

equ iUb,a,ed wfth CO, a, 37»C with minera. o„ added on .op <o prevent evaporanon. After four 
hours of ,„ *o fertilization a, 37°C, fertihzed eggs were cofiected with capiftary robes and 

m edi„ m for 20-22 hrs before being .ransferred «„ oviducts of pseudo-pregnant female m.ce. 

To confirm .he presence of .he pCMV-p plasmid, genomic D NA iso,a.ed from embryos, 
„ days after .ranspiantafion into .he pseudo-pregnan, femaie mice, were ana.yzed b, PCR using 
pri mers ,ha, de.ec. a 480bp fragment correspond,^ .0 the CMV promoter region of the pCMV-p 

standard phenoichlorofotm enaction protocol. 100 ng of genomic DNA was used for PCR m a 
5 „ „ reacfion using Tao, DNA polymerase (Promega). The primer pan were 5'- 
AGTACATCAATGGGCGTGGATAGCGGTT-3' (foncard bp 347-374, and 5- 
TTGCGGCCGCGGGTACAATTCCGCAGCT-3' (backward bp 79,-827) in the CMV promoter 
15 linker regions of pCMVp plasmid DNA. The amplificafion was carried ou. according to the 

... , • *t Q4°C followed by 35 cycles at 94°C for 1 min, then 67°C for 2 
following conditions: 1 min at 94 C lollowea oy y 

anal yzed on a 1.2% agarose gel. .n figure 10, Uanes 6, 7, 8, 9, 10, ,2, 13, !4, !5, ,7, ,8, ,9, 24, 
33, and 40 clearly show this 480b P PCR fragment. Lanes 1 and 2, corresponded to the 

20 molecular size markers. 

,„ another experiment wi.h pSEAP-2 plasmid, forty-seven F„ pups were bom bu. no 
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c m „use line, (Fi) were found after rwelve U founders were random.y selee.ed ,„ ma.e 
transgenic mouse lineb im; 

len offspring fronr founder * fwo ou, of mree offspring from founder « and one our of nme 
offspt i„g from founder 33 (no, sfiown, ff r, .» We also noriced rfia, one on, of ft. « 

,.^<*">.*.»^«- — — " 
FVB/N mice produced fiy .He micromjecfion — * — " - ~ * ^ 

or ^a, —on. Since mA* - . aft resred sperm from various specie 
such as the rat. 

gel , transfOT ed ,o a ny.on membrane — ro merfiods .own in rfie arr. Pigure . sfiows 

13 contain ed g enomie DNA from mrce fiorn from P seudo,re g nan, mrce ma, — firyos 

DNA from mice ma, were unrreared or no,rrans g emc mice. Unes 4, , and S s h ow Wds 

t A in the mice's genome, thus, demonstrating that three 
positive for HBsAg sequences integrated in the mice g 

20 out the thirteen mice were genetically modified. 

FY AMPLE V . . , 

molecules and/or .0 generare genetically modified pigs. 
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of animal husbandry. Suspended in one — o f pi g — — 0— - 

Me,c, Oermany, «HX.3S.*». ■ - — » * - ^ ^ m ""°" 
spem „incuba,ed w^five^o^e^an^forfo^^esa.^ 

flv e micrograms of ta plasmid pSEAPa-oon.ro, <Pi g u,e ,2, Con.ec, Labors, Inc., Ca, 

Dire e. melons of 20M of the — sperm—A convex info the oviducts of 
10 a„e S .he,,zed female pigs resulted in fer.iliza.ion in vivo. 

analyz ed for .He presence of ,e pS E AP2-c„n,o, plasmid. Pi g nre ,3 shows the — * 

, 5 a— t0 methods we,, ^ , - a, .e b,o, was men probed * babeled 

from thc m , .0 W. , re g io„ of the pSEAP2.con.ro, plasmtd shown in P, g nre ,2. fi g nr 

, , 9 „d 1 43 denotes the number of pigs analyzed. Hybridizanon 
13, M denotes the marker lanes, and 1-43 denotes 

control plasmid ha d ,n,e g ra,ed in, the correspond!, pi.s g enome. >n .he lower ti 6 . a of 

, W and 32) were also loaded on the g e, t„ g e,het with the DMA from the experimental p, 8 , 
ei g h, ,ane S were used to estimate the copy number of pSBAP2-con.ro, plasnttd in,e g ta.ed 
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— — 5 — h 

Figure ,4, S5 had ,he highest intense, which corresponds ,„ lane 5 of figure B. 
detect the presence of the pSfcAr 

l J* - »ere digested - - > - «" — ^ " ^ ' ~ 
la, J, — - - > - *»« — DNA. A — pro. was g^ 

, , kb BBl , ON A fragment (bp 3570-4838) digested from the 
by random priming using the same 1 .3 kb Bgl 

plasmidpSEAP-2, as template. 

tait ia,ana. y sis of tbteeF, generation offsprings from ptg*2 5 d,d not, 

, , M Figure 27 shows the resu,, of this iatter analysis wherein F, prgs 627 
— SEAMP, 7' d •. F Tl 13kbban d.Simi, M ,y,p,g number., from founder, 

- " ShWed P0S ' ; l l As seen from Figure 27, the pSEAP-2 p.asmid 
15 Di a 38 also showed a positive 1.3kb band, a 

n HonwassuccessMytransmittedthroughthegermlineandtntothe 

introduced into the F0 generation was success! y 
progeny of founder pig #25 and pig #38. 

, u ♦ ^FAP^l expressed from the pSEAP2- 

2 „ serum from these prg Kit (Cat # K04L1) and its protocol, which is 

ESCAPE™ SEAPChemilumrnescenceDetecuonKt, (Cat. #K2 

f « The SEAP enzyme expressed from Clontech's pSEAP-2 
incorporated herein by reference. The SEAP 

_ is „b, Thus, to determine the level of SEAP actWity as opposed P, 
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e „ s «ne P — ^ -» - - * a— or rhe 

~- — -^ h - pksat65 ' cfor r::i 

u fiaure 15 shows the result ot trie 
before adding the chentilominescence substrate. As a control, figure 

, 1 , y wa S no, aigmocantiy — *e g— m od,ed pigs and no„,ransge„ 

l pigs ,„ contra, figure „ shows - - — - - ~ * 
C ° P 8 , , spar activity was significantly higher m 

Wnhoouhe endogenous alaaline phosphatase activity, SEAP activity 

i ■ o a rpadina of more than i x 
the geneticahy modified pigs than in the non-transgenic contro. ptgs. A read-ng 
thegenettc y oene tically modified pigs, which is 

,0* RLU of SEAP activity was set as positive ,n the genetical y 

1U tu.u vi ia3 +7 7x10 RLU). Based 

•r tl vhi £ herthaninthenontransgeniecontrols(average6.9xlO ± 3.7xlOR 

10 significantly higher than in ^ rnias < 58%) were shown to 

^„t nf the thirtv six founder pigs P s /0 ; wtl 
on this level of SEAP activity, twenty-one out of the thirty 

. SF AP enzyme Due to the mosaic condition in many of the 
express the thermostable human SEAP enzyme. 

transgenic pi& , M , ^o 0 /^ at least once 

15 by Southern blot analysis. 

EXAMPLE VI NA d/ 

^7 X amp,e farther inustrates the procedures used to introdnce oogenous 

to generate genetically modified pigs. 

20 Durro . Vorashire, and Eandraee. The, were divided in two gronp, V 

fe F .. • a „qfaP-"> contro DNA mix, as 

. v, tPvlO 6 VmAb C/Sal I-hnearized pSEAP a. 
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, (tota , 27 8ilts W£re inseminated - a « — rate, were obtained. These ,br.,*ee 
« <F„ generation, are „ same — — - * — * °» - other ha » ■ 

inseminated with a 28% pregnancy rate). 
5 ln a detent expenmen, analysis than - one conducted in Example V, ,ad„P 

KStr i ct ,on * in one pSEAP-2 contro, DNA. To avotd cross hybridan with the endogenous 

a , kaline phosptat ase gene, a « ». . — * * ~ — * ^ 

. hi , ana lvsis Fig 18a shows, in this experiment, .ha. .en ou. of forty-three 
pro *forSou te n,b,o.ana ly s,F,g. ^ ^ ^ 

(0 (23 ./„) F ,founderp i gle.shavehybridiza.,ons, g „a,s(3.4,25,26,3, 

and 39 show . 5 k b hand suggesttng ,e in.egra.ion of multiple copies of .he fore.gn gene .n.o 
.^.genontewfd.ahead^nin.gewhUen^rs^^MOand^howa^hhan 

trans eene. 

extracted DNA with Bgl I digestion. Fig. 18b shows, in this experiment, that ten out of 

sho „ n) ,, 7 ,2MM0,«,«, 4 4,.8and M) hada,3 k hposi.ivehyhtidi Z a.,onha„d. 

Compared with .he Southern blot analysts ustng EcoR , dtgesnon on .he .ip reg.on, only 
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of s perm genom.c DNA fro™ a limned number of 8-monm-old F„ founders (boars) showed ,ha, 
M0 o, of eleven (18%), numbers 25 and 30, had a hybridan signal (da,a no, shown,. These 
re suUs indieare una, many founders of .ransgenic pigs are mosa,c, .ha, is, some cells in rhe bod, 

5 oependen, on ,he relative ratio of cells wUh or wfthou, ,he hansgene in a given tissue. 

As an aftemafive way ,o derec, .ransgenic pigs, deletion of ,he expression of hea, s<ab,e 
SEAP in me sera co„ec,ed from ,h= 70-day-old founders, as we,, as ,hose from ,he 90-dayold 
founders from group II (samples M4-75) was performed. Briefiy. fifteen p.s of hea.-.rea.ed and 
„„„ h ea,,rea,ed sera from each founder were assayed for chemiluminescence in ,rip„ca,e. The 

lwenty , wo ,64%) founder pigs showed comparable levels of expressed SEAP <>2 x ,0« RLU) 

(Fig- 19). . 

The amount of expressed human SEAP in the transgenic pigs' sera was also esUmated 

, * i t , o 1 1 7 ne 0 f expressed SEAP was found in 0.25 ml of serum 
1 2 x 10 5 RLU as samples. About 18-1 12 ng ot express 

ft0 m 70-day-old pigs. The average weigh, of me 70-day-old pigs was 27.2 k g. If pig wergh, 
(kg) t0 pig blood volume (.her, is ,3 : 1 and ,he ratio of blood vo.ume ,o serum volume ,2:1, 

20 pig. Since tine animals were mosaic, me po.enfial rransgene express.on may be even higher. 
FYAMPLEVH 
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A stud y was also conduct us,, fluorescent hybridization (F,SH, analysis ,0 

furth er evidence that me — gSEAP-2 — * — into the —me - 
was transmitted to F, generation. 

provided t0 SeeDNA Bio.ech, ,nc. (Wtndsor, Ontario, Canada), who provided FISH 

^ cultured at 37«C in RPMI 1*0 medium Rented - .5% - " an 

, ,■ „ (FHM After 44 hours, the cnltnred lymphocytes were treated wtth 0.18 
10 phytohemaggluttmn (PHA). Atrer t 

• , , 7 hours The synchronized cells were washed and recultured a. 
rag/ml BrdU for an additional 17 hours, lhesync 

37 . C for 6 hours in a-MEM with thymidine (2, Pg/ml, Chromosomes sltdes were made hy 

and air dry). . 

• t.A itv, fLATP using Gibco BRL BioNick Labeling kit. The 
DNA probe was biotinylated with dATP using uid 

x * n Hpnff et al High resolution mapping 
pr0 cedure for FISH detection was performed accordmg to Heng al, 

i Pmr Natl Acad. Sci. UbA 

of mammalian genes by in situ hybridization to free chromatm, Proc. Natl. 

. , i r nAPl banding and simultaneous in situ 
89-9509.9513 (1992) and Heng and Tsui, Modes of DAPI banding 

,02- 325-332 (1993). which are hereby incorporated by reference, 
hybridization, Chromsoma, 102. 325 Hi 

. . . at 55 . c for one hour. After RNase A treatment, the shdes were 
on Rrieflv slides were baked at 55 ^ ior one 

20 Bnetly, dehydrated with 

Oenatured in 70% formamide in 2x SSC for 2 mtnutes a, 70 C followed y 

formami de and 1 0 % de.au sulphate and pre-bybridized for 1 5 minutes at 37.. Probes were 
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5 banded chromosomes. 

Flgure 2,a shows the **« - - — — *" " * "° - " ' 

dia mmomo,,he„ y h„<o,e • — — * ^ p TC 

c h„t showing the hybridization signal of the Hit 
shows the same field of the chromosomes, but showing 

f SFAP^ Under the condition used, there was one locus detected 
labeled probe fragment from pSEAP-2. Under 

10 from FIS , a- — - - — — - * '—I. 

2 DNA was mapped to chromosome 15, region q25-q28. 
generation's (F, generation pig #152) ehromosome. 

EXAMPLEYHI f 
F 0 generation pigs and to F, generation pigs. 

selected t0 mate w„h wild „e Pigs to —ate — o f me germ-line. The P, 

f to carry a 1 3 kb positive hybridization band 
• tm w \ founders were found to carry a i.j * f 
generation from six (37.5 Yo) founders w 
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offspring from founder « <*- — * - - - ° f * &om f0U " der 

(fera a,e Land.ee, - a— - - — ° NA — ~ SUCCeSSM 

5 in producing transgenic pigs of drfferen, strains without gender se.ectron. 

10 451 452 455, and 457 (Figure 21 , DNA rearrangement has probably occurred in the case for 
foun der«,. D ifferen t .nrc„s, t ies„fh y bridiza„o„s,gna,so„,hesa m eb,„,weresee„innu m ber 

, 52fr „ m f 0 u„der4,nu m ber 15 bfro mf onnder«,a„d„u m bcr 1 S 7 fro ra fou n dcrS( F igure, 8 c,. 
genomes. 

l5 These dara suggest una, a high genome —ion rare, muhipie she inserbon, 

f tW nffsnrines were positive for the transgene. This 
detectable hybridization signal, some of then offsprings 

2Q mdicates m some founders of transgenic pigs generated h y the method may he mosaic hut still 

integration at various stages during early embryonic development. 
FY AMPLE IX 
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This examp,e iHustra.es .he induction of exogenous DNA in.„ and/or .he genetic 

modification of chickens. 

Fresh semen fronr 50-week-old Leghorn roos.ers was co.Iec.ed, and ,he sperm con.en, 
was adjus,ed .0 2 x 10« spe_ in ..5 m, ex.e„de. (Lago). .0 ug of mAb C was added .0 
5 lhe S pe. m mixture and incuha.ed fo, . hour a. room .empera.ure wi.h occasional mixing. The 
sper m mixrure was .hen equally distributed in.o 5 microcentrifuge .ubes, spun a. 3,000 rpm fo, 3 
minu.es. and .he supernatant was removed. The sperm pe,,e. was washed once wi.h 200 u, of 
i„cuha.io„ buffer (extender ♦ 1.5 mg/ml BSA) and each peUe, was .suspended in 300 pi 

10 #E1741) was added and the mixture was incuha.ed for , hour a, room temperature wtth 
occasiona! mixing. Finally, ,.7 mi of mcuba.ion buffet was added. Ar.if.ca, insemina.ion was 
performed on 20 hens (each wi.h 10' sperm in 0.1 ml). 

After artificial insemination, 7-day-o.d chicken embryos were harvested for PCR 

was used for PCR in a 25 pi reaction using RedTaq DNA polymerase (Sigma). The PCR 
pri mers used were 5-TTACAGATGCACATATCGAG-3' (forward bp 404-422) and 
5'-CATACTGTTGAGCAATTCAC-3' (teverse bp 614-632), both in the luciferase gene reg.on 
„f .he pGL-3 control plasmid (Promega, The amplificahon was carried as follows: 4 min a. 

ge , and transferred to a nylon membnane. A »P-end !abeled .bird interna, oligo 
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(5-GGTGGACATCACTTACGCTGAGTA-3', bp 423-446, was a,so used .0 verify the PGR 

product by hybridization. 

Based on PGR analysis. . 1% (10/90) of a„ sanies aoaiyzed were found .0 eontain a 230 
bp flagmen, of pGL-3 eon.ro, DNA ,Fr, 22a). Furthermore, .he PGR produe.s in .he agarose 

Having a hybridization signa, (Fig. 22b), indiea.ing «ha, some of .be .ransgene or exogenous 
D NA may be presen, a. low eopy number. No b,brid,za.ion signa. was de.ee.ed in .hese nine.y 

,0 signa, in genomie Seamen, b.o. anaiys, may be due .o a high degree of mosaieism in .hese 
tra „sgenie ehieken embryos, and /or ,ow eopy number of iniegra.ion by .he pGL-3 piasm.d. 

Fur.henr.ore, a gene for .he homan in.erferon-p was a,so inrrodueed in.o F. ehiekens and 
W as shown .0 be expressed in fhe F„ ehiexens. Briefly, human .n.ereferon-p in a piasmid vee.or 
and driven by a ohieRen ey.opiasm.e fl-ae.in promoter was ineubated w,,h ehieRen spern, eefls 
15 «ed with mAb C, as prepared and deseribed above, and artifleiafly insem,„ated in.o hens. 
After the F„ generation ehieRs were hatehed and grown ,0 abou. 3-5 weeRs o,d, sera from .be F. 
generation eb.exens were ex.rae.ed and ana,yzed for human interferon^ using ELISA aeeording 
t0 th e pro.oeois and Ri, manufae.ured by PBL Biomediea, Labora.ories, New Brunswiex, New 

i a an H the averaee levels of human interferon-P are 
Jersey. Duplicate chicken sera were analyzed and the average 

20 shown in Figure 24. 

Figure 24 shows the expression of human in.er f e,o„-p in F„ generation ch.cRens, wherein 
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inl e rf ero„ P from non-^genic chrcxens averted abound 0.029 ± 0.0. Oft, uni, The 

s , gni ftcan t express.cn of human interfere^ above ,„= con.,0,. Th,s amounrs ,o 53 % (.8/34, of 
5 the P, g e„era,ion cnicxens easing human interferon-p a, a .eve, si g nifican tly ni g her ,han ,he 
control group. 

expressmgl „ t e rf e ro „ 1 n l hee ggS anapu„f y , ngi n t e t fe ro nf rom ,hee 8gS ns i „ gm e t hoa sk now» I n 

purification. 
E)CAMPLEX 

This exampie iUusfta.es the in— of DNA into and/or g enetic modification of 



COWS. 

15 



T „ prepare femaie cows for artificia, —ion, ,he esuua of femaie eows were 
oerermmed and rhe fime recorded 0, observation of «he anrnra, hchavior. -ifrcai 
ins em,na,ions were performed in approximate* .wen, ,wo hours from ,he estrus time usm g 

sperm cells attached with plasmid DNA. 

Ej acma,ed sperm ce„s from ma,e buns were prepared b, d„uri„ g «hc ce„s with exrender 
» mcdmm (Mercx, Oarmsrad, Oermanv, to about ,0M0' ccHs in a ,,m, m— g e ruhe. 
Afterwards, three micr„ g rams of mAbC anfthod y was added ,0 rhc sperm ceiis and incuha.ed a, 
ro om rempera.ure for abou, 40 minures, wirh g en,,e mrx,n g ahou, ever, ,0 minures. The sperm 
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10 



cells wer e then spun a, 2,00 rpm for three inures ,0 remove the supernatant and washed wtth 
„ 3 m , of extender medium having ..Snrg/m, BSA. The sperm ceUs were again spun a. 2.000 
^ for 3 nrinu.es and resuspended in 0.4ml extender medium with ,.5 mg/mi BSA. ..5 
nricrogranrs of the pCMV-h.Fbeta piasmid (Fig. 26), which comprrses a human interferon p gene 
drive „ by a CMV promoter simi.ar «„ the pCMV P -gal piasmid, was then added to the spero, ce„s 
at room temperature and tncubated for 40 mtnu.es with genua mixing every .0 minu.es. The 
spem ceiis were visual chec k under .he microscope for spernr ac.iv„y and numhcr, before .hey 
we re ari.iciaiiy tnseminated by inserting and injecting the sperm—A mix.ure .hrough 
the vagina of the cows. 

PCR primers: 5--OTC AAT GOG AGT TTG TTT TG-3' (forward bp 4,2-43.) and 5'-GAA 
GTA AAG GCA ACA TCC AC -3' (reverse bp 746-765), which prime in ,he CMV enhancer and 
SV40 in.ron region of .he pCMVp, respec.ive,y (Clontech Lab„ra.ories, >nc, The anrp.if.ca.ion 

20 the PCR product by hybridization. 

hyb ridiza«io„ of a -P endued intern, o„go. Possibiy due to .he mosaic nature of .he 
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ear ,E, tissue of C-250 and no, in the .ail tissue; while in D-2,9, E-57. and D437, the presence of 
the 384 bp fragment was de,ee.ed in ,ai, .issues and no, in ,he ear tissues. Nevertheless, ,, is elear 
« artificial —ion of the sperm-linker-DNA eomplex resu„s in animais which earr.es ,he 

coming from non-transgenic cows. 

„ shou.d he need Una, although this example uses a constitutive!, expressing promote, 
ariving ,he expression of .he .n.erferon gene, inducihle promoters or t.ssue specific promoters 
such as promoters for aS, -casein for production of interferon in milk may also he used. 
0 FY AMPLE XI 

This example illus,ra,es fine introduction of DNA into and/or genetic modification of 

goats. 

Female goa,s were prepared fo, artificial insemination as follows: On day one and 
betwee „ S-,0 am, female goats were unplanted with EAZI-BREED CDR (0.3g 
15 Prog es,erone/each, from Pharmacia/Upaohn Pty Limited, Ryda.mere NSW 2,16. On day ten 
and a, ahou. 6:00pm, ,he female goats were each injected with 5m, of 500 ,.U of Serum 
0on ado,rop,„ (China Chem.stiy Drug Corp., Taipei, Taiwa*) and , m,/each of Estiuma,e (263 
uucrograms of dosprosteno, sodium from Bayer Corp., Shawnee Mission, Kansas,. On day ,2, 
to CIDR were removed. On day .3 the estrus of the female goats were determined and ,he time 
20 recorded hy observation of the animal behavior. Artificial insemination were men performed 23- 
25 hours later. 

Ejaculated sperm eel.s from male goats were performed using the same procedure used 
wil „ spemt cells from me cows. Similarly, the pCMV-h,Fbe,a plasmid (Fig. 26) was attached ,„ 
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fe goa, sperm cells and introduced into .he animals by artificial insemination. PCR screening of 
the resulting Fo generation goats were performed nsing the same protocol as in .he F„ cows. 

Figure 25 shows .he result, of the PCR screening of the F. goats and hybridization with 
the »P-labeled internal oligo, similarly used with .he F. cows. Similarly .0 the cows, the pCMV- 
5 hlFbeta plasmid (F.g. 26) has been introduced into ,he F. goats in a mosaic nature. For example, 
tails from F. goa. numbers 2T and 9T show positive results of hybridiza.ion ,0 a 354 bp PCR 
fragment whUe .he ears from the same animals do not. On the other band, ears from F. goat 
numbers 3T and 6T show positive results of hybridization while the tails from the same animals 
d0 „„,. Nevertheless, it is cleat that artificial insemination of the sperm-linker-DNA complex 
■10 results in animals which carries .he plasmid DNA in their cells. 

„ should be noted that although .his example uses a constitutive!, expressing promoter 
driving the expression of the interferon gene, inducible promoters or tissue specific promoters 
such as promoters for plactoglobulin for production of interferon in milk may also be used. 
EXAMPLE XII 

15 The disclosed non-liposome based linker such as .he mAbC antibody may also be used 

and provided in a kit for tntroduction of an exogenous DNA or RNA into an animal. The non- 
fiposome based linker may be provided in a con,ainer such as a microcentrifuge tube, plates, or 
any other suitable containers for transport, storage, or binding to sperm cells. The kit, for 
example, may also c„n.ain tnstructtons for petfotming .he d.sclosed method of associating a 
20 polynucleotide such as a DNA with a sperm eel, using the non-liposome based linker, and 
effecting in virro or in Wvo fertilization of a compatible animal's egg cel. with the sperm-.inker- 
DNA complex. The ki. may also contain the sperm cells, the egg cells, and/or a control DNA 
molecule such as pSEAP-2 plasmid, pCMV-P plasmid, or pOL-3 plasmid. 
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FYAMPI.E XIII 

The disclosed non-liposome based linker such as the mAbC antibody and method may 
also be used for functional screening of genes by .he introduction of the gene into the animal and 
observing or analyzing the pheno.ype of the animal. For example, high throughput screening of 
5 gene funetton may be achieved by introducing genes of known o, unknown functions into the 
animal by cloning the genes of interest into a suitable expression vector having constitutive 
expression such as pCR3.1 (Invitrogen, San Diego, CA) or tissue specific expression vectors 
such as vectors having smooth muscle alpha-actin promoter for vascular expression, cardiac 
ntyosin heavy chain promoters for expression in hear,, for example, and other suitable expression 

1 0 promoters depending on the study. 

Sperm cells from mice or any other animal may be provided in 24, 48, 96 well or any 
other suitable plate or contatner, and incubated wtth the non-liposome based linker according to 
the procedures described above in the various examples. Each gene of interest cloned in the 
suitable expression vector may then be incubated and linked with the sperm cells/non-,ip„s„me 
,5 based linker complex. Afterwards, the spernt-linker-nucleic acid vector complex may then be 
transferred to another 24, 48, 96 well or any outer suttable plate or container containing a, leas, 
one, preferably multiple, egg cells, for in vitro fertilization. Once fertilization is complete, the 
resulting zygotes may then be transplanted into psuedo-pregnan. animal for development. Gene 
function may then be elucidated based on the effect of the transgenes effect on the animal. 
20 Alternatively, the spernt-linker-nucleic acid vector complex may also be used to achieve 

artificial insemination such as by directly injecting the complex into the vagina or oviduct of the 
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st ep of in-vi,ro fertilization and simplif.es the proeedutes for high «hrou e hpu, functional 
screening. 

Functional sereening of genes may also involve the introduction of larger pieces of DN A 
such as sheared chromosomal DNA fragments comprising multiple genes (e.g. 10 genes) 

5 includmg their respective promoters and enhancers. The chromosomal DNA fragments may 
,ne„ he introduced into the anrmal hy linking .he DNA fragments ,0 the sperm eeUs and used for 
i„ vitro or in vivo fertilization. Based on the resulting phenotype observed to be of interest,, the 
gene responsible for the phenotype may be isolated from the animal, and further tested. 

The preceding examples demonstrate that the inventor has produced a number of 

,0 genetically modified antmals using the sperm vector as described above. These data are intended 
only as examples and are not intended ,0 limt, the invention to these examples. 1. is understood 
that modifying the examples below does not depart from the spirit of the invention. 
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